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Tujuan utama dalam reka bentuk hujan yang mengenai pembangunan corak hujan berkala 
adalah mewakili pelbagai jenis taburan hujan semasa hujan ribut. Kajian ini memberi 
tumpuan kepada pembangunan corak hujan berkala bagi kawasan Gambang dan JKR 
Gambang. Maklumat data corak hujan yang terdapat dalam Manual Saliran Mesra Alam 
Edisi kedua (MSMA 2) tidak seragam bagi setiap tahun disebabkan oleh perubahan cuaca 
di Malaysia berubah-ubah dan data untuk beberapa  kawasan daerah tidak dinyatakan 
didalam MSMA 2. Selain itu, pembangunan corak hujan menghasilkan jenis-jenis bentuk 
hujan pada setiap kawasan yang berbeza dan bandingkan dengan corak hujan dalam 
MSMA 2. Corak temporal hujan telah dibangunkan menggunakan kaedah Kepelbagaian 
Purata (AVM) yang disusun mengikut 10 jumlah data hujan tertinggi manakala bagi 
Kaedah Taburan Masa Huff (HTDM) di mana terbahagi kepada empat kuartil. Kajian ini 
dilaksanakan di kawasan Gambang dimana merangkumi data hujan setiap 5 minit untuk 
15 tahun bermula 2003-2018 diperolehi dari Jabatan Pengairan dan Saliran (JPS) untuk 
stesen JKR Gambang dan 2016 hingga 2018 taburan hujan dari stesen UMP Gambang. 
Tempoh masa corak hujan berkala adalah selama 15 minit, 20 minit, 30 minit, 45 minit, 
60 minit, 90 minit, 120 minit, 135 minit, 150 minit dan 180 minit. Walaubagaimanapun, 
bagi HTDM hanya 60 minit, 120 minit dan 180 minit hujan yang terpilih disebabkan oleh 
data acara perlu dibahagikan kepada empat kuartil. Tambahan pula, corak temporal hujan 
berkala dibangunakan untuk menentukan bentuk hujan berdasarkan corak hujan yang 
sediakada mengikut kumpulan iaitu jenis awal, jenis pertengahan dan jenis lambat. 
Keputusan menunjukan kawasan Gambang mempunyai corak hujan yang tersendiri. 
Setelah mendapat keputusan, terdapat berbezaaan peratusan dalam kaedah AVM dan 
HTDM iaitu 28 peratus (%) hingga 100 peratus (%) untuk tempoh corak hujan 60 minit. 
Manakala untuk corak hujan 120 minit terdapat perbezaan peratusan 46 peratus (%) 
hingga 400 peratus (%). Corak taburan hujan untuk 180 minit perbezaan peratusan ialah 
99 peratus (%) hingga 100 peratus (%). 
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ABSTRACT 
The purpose of designing rainfall temporal patterns is to represent the typical variation 
of rainfall intensities during a typical rainfall. This study focuses on developing a 
temporal rainfall pattern for the Gambang area in Pahang region. The existing data of 
rainfall temporal pattern design is not consistence for every year because of Malaysia 
climate always change and the data of rainfall station nearest district area are used to 
design the area that is not stated in Malaysia Urban Storm Management Manual Second 
Edition (MSMA 2). The rainfall temporal pattern will provide rainfall distribution for the 
specific station area compared to the regional pattern provided in the MSMA 2. The 
rainfall temporal pattern were developed using Average Variability Method (AVM) and 
Huff Time Distribution Method (HTDM). This study was conducted in UMP Gambang 
station and JKR Gambang station which is developing rainfall temporal pattern for 
several duration of rainfall event. Data of every 5 minutes rainfall event for 15 years 
starting from 2003 to 2018 were collected from Department of Irrigation and Drainage 
(DID) for JKR Gambang station and 2016-2018 rainfall data from rainfall station in UMP 
Gambang. The temporal rainfall pattern developed are for 15 minutes, 20 minutes, 25 
minutes, 30 minutes, 45 minutes,  60 minutes, 90 minutes, 120 minutes, 135 minutes, 150 
minutes, and 180 minutes. The rainfall temporal pattern were divided the type of temporal 
pattern according to representative rainstorm pattern classified which is advance-type, 
intermediate-type and delayed-type. The analysis is run for both method and compare in 
term of percentage. There was a difference analysis of the rainfall temporal pattern 
developed by AVM and HTDM method, the difference percentage in each of method 
from about 28% to 100% for 60 minutes rainfall event. For 120 minutes rainfall event is 
46% to 400% while for 180 minutes is about 99% to 100%. 
 
v 
TABLE OF CONTENT 
DECLARATION 




TABLE OF CONTENT v 
LIST OF TABLES x 
LIST OF FIGURES xi 
LIST OF ABBREVIATIONS xvi 
CHAPTER 1 INTRODUCTION 1 
1.1 Background of Study 1 
1.2 Problem Statement 3 
1.3 Objective 4 
1.4 Scope of Study 5 
1.5 Significance of study 5 
CHAPTER 2 LITERATURE REVIEW 7 
2.1 Introduction 7 
2.2 Hydrological Cycle 8 
2.2.1 Precipitation 9 
2.2.2 Surface Runoff 9 
2.2.3 Evaporation 10 
vi 
2.2.4 Transpiration 10 
2.2.5 Evapotranspiration 11 
2.2.6 Infiltration 11 
2.2.7 Groundwater Flow 12 
2.2.8 Interflow 12 
2.2.9 Interception 12 
2.2.10 Depression Storage 12 
2.3 Rainfall Temporal Pattern 13 
2.3.1 Function of Rainfall Temporal Pattern 14 
2.3.2 Advantages of Rainfall Temporal Pattern 15 
2.3.3 Disadvantages of Rainfall Temporal Pattern 15 
2.4 Method Developing Rainfall Temporal Pattern 15 
2.4.1 Average Variability Method (AVM) 15 
2.4.2 Huff Time Distribution (HTDM) 16 
2.4.3 Triangular Hyetograph Method 18 
2.4.4 Alternating Block Method 19 
2.4.5 Soil Conservation Method 20 
2.5 Type of Rainfall Temporal Pattern 21 
2.5.1 Advance-type 21 
2.5.2 Intermediate-type 21 
2.5.3 Delayed-type 22 
2.6 Application Rainfall Temporal Pattern in Other Countries 22 
2.6.1 Australia’s Storm Water Manual 22 
2.6.2 Japan’s Storm Water Manual. 22 
2.6.3 Singapore’s Storm Water Manual 24 
2.6.4 Nederland’s Storm Water Manual 25 
vii 
CHAPTER 3 METHODOLOGY 26 
3.1 Introduction 26 
3.2 Flow Chart 27 
3.3 Study Area 28 
3.4 Data Collection 28 
3.5 Method of Developing Rainfall Temporal Pattern 29 
3.5.1 Average Variability Method 29 
3.5.2 Huff Time Distribution Method 31 
3.6 Type of Rainfall Temporal Pattern 32 
3.7 Comparison between Average Variability Method and Huff Time Distribution 
Method 33 
CHAPTER 4 RESULTS AND DISCUSSION 34 
4.1 Introduction 34 
4.2 Average Variability Method 36 
4.2.1 JKR Gambang Station 36 
 4.2.1.1    15 Minutes Rainfall Temporal Pattern 36 
 4.2.1.2     25 Minutes Rainfall Temporal Pattern 39 
 4.2.1.3     30 Minutes Rainfall Temporal Pattern 41 
 4.2.1.4     45 Minutes Rainfall Temporal Pattern 43 
 4.2.1.5     60 Minutes Rainfall Temporal Pattern 45 
 4.2.1.6     90 Minutes Rainfall Temporal Pattern 47 
 4.2.1.7    120 Minutes Rainfall Temporal Pattern 49 
 4.2.1.8     135 Minutes Rainfall Temporal Pattern 51 
 4.2.1.9     150 Minutes Rainfall Temporal Pattern 53 
viii 
 4.2.1.10     180 Minutes Rainfall Temporal Pattern 55 
4.2.2 UMP Gambang Station 57 
 4.2.2.1      15 Minutes Rainfall Temporal Pattern 57 
 4.2.2.2      25 Minutes Rainfall Temporal Pattern 59 
 4.2.2.3      30 Minutes Rainfall Temporal Pattern 61 
 4.2.2.4      45 Minutes Rainfall Temporal Pattern 63 
 4.2.2.5      60 Minutes Rainfall Temporal Pattern 65 
 4.2.2.6      90 Minutes Rainfall Temporal Pattern 67 
 4.2.2.7      120 Minutes Rainfall Temporal Pattern 69 
4.3 Huff Time Distribution Method 71 
4.3.1 JKR Gambang Station 71 
 4.3.1.1     60 Minutes Rainfall Duration Using HTDM 71 
 4.3.1.2     120 Minutes Rainfall Duration Using HTDM 78 
 4.3.1.3     180 Minutes Rainfall Duration Using HTDM 79 
4.3.2 UMP Gambang Station 80 
 4.3.2.      160 Minutes Rainfall Duration Using HTDM 80 
 4.3.2.2      120 Minutes Rainfall Duration Using HTDM 81 
4.4 Type of Rainfall Temporal Pattern 82 
4.5 Comparison of Average Variability Method and Huff Time Distribution  
Method 83 
4.5.1 JKR Gambang Station 83 
4.5.2 UMP Gambang Station 85 
4.5.3 Ranges in Difference 87 
4.6 Summary 88 
ix 
CHAPTER 5 CONCLUSION 90 
5.1 Introduction 90 
5.2 Conclusion 91 
5.3 Recommendation 92 
REFERENCES 93 








LIST OF TABLES 
Table 2.1    Rainfall temporal pattern according to the type       21 
Table 4.1    Summary of rainfall for JKR Gambang and UMP Gambang   27 
Table 4.2      Analysis using HTDM for 1st quartile of 60 minutes rainfall event  
      For JKR Gambang       81 
Table 4.3      Analysis using HTDM for 2nd quartile of 60 minutes rainfall event 
      For JKR Gambang       82 
Table 4.4      Analysis using HTDM for 3rd quartile of 60 minutes rainfall event 
     For JKR Gambang       83 
Table 4.5      Analysis using HTDM for 4th quartile of 60 minutes rainfall event 
     For JKR Gambang       85 
Table 4.7      Comparison between Average Variability method and Huff  
     Distribution method for 60 minutes rainfall of JKR Gambang 92 
Table 4.8      Comparison between Average Variability method and Huff  
     Distribution method for 120 minutes rainfall of JKR Gambang    92 
Table 4.9      Comparison between Average Variability method and Huff  
      Distribution method for 180 minutes rainfall of JKR Gambang 93 
Table 4.10    Comparison between Average Variability method and Huff  
      Distribution method for 60 minutes rainfall of UMP Gambang    94 
Table 4.11     Comparison between Average Variability method and Huff  







LIST OF FIGURES 
Figure 1.1    Flood Plane along the Peninsular Malaysia during monsoon 3 
Figure 2.1    Water Cycle Process       12 
Figure 2.2     Example of Design Temporal Pattern     13 
Figure 2.3     Standard Duration Recommended in MSMA 2   16 
Figure 2.4     Sample of Huff Curve Distribution     17 
Figure 2.5      Discretiazation of the Huff Curve     18 
Figure 2.6     Example of Hyetograph for Triangular Method   19 
Figure 2.7     Method of Block       19 
Figure 2.8     The Type of rainfall temporal pattern    21 
Figure 2.9     Illustration of The design of Runoff Analysis Using Simulation 22 
Figure 3.1     Flow Chart of Methodology     26 
Figure 3.2     The map of UMP Gambang and JKR Gambang   27 
Figure 3.3     The step of Average Variability Method (AVM)   29 
Figure 3.4     The step of Huff Time Distribution Method (HTDM)  31 
Figure 4.2     Analysis of 15 Minutes Rainfall Event for JKR Gambang using 36 
     AVM  
Figure 4.3     Derivation Rainfall Temporal Pattern of 15 minutes Rainfall Event    
    JKR Gambang       36 
Figure 4.4     Normalized Rainfall Temporal Pattern of 15 Minutes Rainfall  
       JKR Gambang       38 
Figure 4.5     Analysis of 25 Minutes Rainfall Event for JKR Gambang using 
      AVM        39 
Figure 4.6     Derivation Rainfall Temporal Pattern of 15 Minutes Rainfall   
     JKR Gambang       39 
Figure 4.7    Normalized Rainfall Temporal Pattern of 15 Minutes Rainfall  
     Event JKR Gambang      40 
Figure 4.8     Analysis of 30 minutes rainfall event for JKR Gambang using 
      AVM         41 
Figure 4.9     Derivation Rainfall Temporal Pattern of 30 Minutes Rainfall  
      JKR Gambang       41 
Figure 4.10   Normalized Rainfall Temporal Pattern of 30 Minutes Rainfall  
     JKR Gambang       42 
xii 
Figure 4.11   Analysis of 45 Minutes Rainfall Event for JKR Gambang using 
      AVM        43 
Figure 4.12   Derivation Rainfall Temporal Pattern of 45 Minutes Rainfall  
      JKR Gambang       43 
Figure 4.13   Normalized Rainfall Temporal Pattern of 45 Minutes Rainfall 
      JKR Gambang       44 
Figure 4.14   Analysis of 60 Minutes Rainfall Event for JKR Gambang using 
      AVM        45 
Figure 4.15   Derivation Rainfall Temporal Pattern of 60 Minutes Rainfall  
     JKR Gambang       45 
Figure 4.16   Normalized Rainfall Temporal Pattern of 60 Minutes Rainfall  
     JKR Gambang       46 
Figure 4.17   Analysis of 90 Minutes Rainfall Event for JKR Gambang using 
     AVM         47 
Figure 4.18   Derivation Rainfall Temporal Pattern of 90 Minutes Rainfall  
     JKR Gambang       47 
Figure 4.19   Normalized Rainfall Temporal Pattern of 90 Minutes Rainfall  
      JKR Gambang       48 
Figure 4.20   Analysis of 120 Minutes Rainfall Event for JKR Gambang using 
      AVM         49 
Figure 4.21   Derivation Rainfall Temporal Pattern of 120 Minutes Rainfall  
      JKR Gambang       49 
Figure 4.22   Normalized Rainfall Temporal Pattern of 120 Minutes Rainfall  
      JKR Gambang       50 
Figure 4.23   Analysis of 135 minutes rainfall event for JKR Gambang using 
      AVM        51 
Figure 4.24   Derivation Rainfall Temporal Pattern of 135 Minutes Rainfall  
      JKR Gambang       51 
Figure 4.25   Normalized Rainfall Temporal Pattern of 135 Minutes Rainfall  
      JKR Gambang       52 
Figure 4.26   Analysis of 150 Minutes Rainfall Event for JKR Gambang using 
      JKR Gambang       52 
 
xiii 
Figure 4.27     Derivation Rainfall Temporal Pattern 0f 150 Minutes Rainfall 
        JKR Gambang       53 
Figure 4.28     Normalized Rainfall Temporal Pattern of 150 Minutes Rainfall  
        JKR Gambang       54 
Figure 4.29     Analysis of 180 Minutes Rainfall Event for JKR Gambang using 
        AVM        55 
Figure 4.30     Derivation Rainfall Temporal Pattern of 180 Minutes Rainfall  
        JKR Gambang       55 
Figure 4.31     Normalized Rainfall Temporal Pattern of 150 Minutes Rainfall  
        JKR Gambang       56 
Figure 4.32     Analysis of 15 Minutes Rainfall Event for UMP Gambang using 
        AVM         57 
Figure 4.33     Derivation Rainfall Temporal Pattern of 15 Minutes Rainfall  
        UMP Gambang       57 
Figure 4.34     Normalized Rainfall Temporal Pattern of 15 Minutes Rainfall  
        UMP Gambang       58 
Figure 4.35     Analysis of 25 Minutes Rainfall Event for UMP Gambang using 
        AVM        59 
Figure 4.36     Derivation Rainfall Temporal Pattern of 25 Minutes Rainfall  
        UMP Gambang       59 
Figure 4.37     Normalized Rainfall Temporal Pattern of 25 Minutes Rainfall  
        UMP Gambang       60 
Figure 4.38     Analysis of 30 Minutes Rainfall Event for UMP Gambang using 
        AVM         61 
Figure 4.39     Derivation Rainfall Temporal Pattern of 30 Minutes Rainfall  
        UMP Gambang       61 
Figure 4.40     Normalized Rainfall Temporal Pattern of 30 Minutes Rainfall event 
        UMP Gambang       62 
Figure 4.41     Analysis of 45 Minutes Rainfall Event for UMP Gambang using 
        AVM         63 
Figure 4.42     Derivation Rainfall Temporal Pattern of 45 Minutes Rainfall  
       UMP Gambang       63 
 
xiv 
Figure 4.43     Normalized Rainfall Temporal Pattern of 45 Minutes Rainfall  
        UMP Gambang       64 
Figure 4.44     Analysis of 60 Minutes Rainfall Event for UMP Gambang using 
        AVM        65 
Figure 4.45     Derivation Rainfall Temporal Pattern of 60 Minutes Rainfall 
        UMP Gambang       65 
Figure 4.46     Normalized Rainfall Temporal Pattern of 60 Minutes Rainfall  
        UMP Gambang       66 
Figure 4.47     Analysis of 90 Minutes Rainfall Event for UMP Gambang using 
        AVM        67 
Figure 4.48     Derivation Rainfall Temporal Pattern of 90 Minutes Rainfall  
        UMP Gambang       67 
Figure 4.49     Normalized Rainfall Temporal Pattern of 90 Minutes Rainfall  
       UMP Gambang       68 
Figure 4.50     Analysis of 120 Minutes Rainfall Event for UMP Gambang using 
        AVM        69 
Figure 4.51     Derivation Rainfall Temporal Pattern of 120 Minutes Rainfall  
        UMP Gambang       69 
Figure 4.52     Normalized rainfall temporal pattern of 120 minutes rainfall 
        UMP Gambang       70 
Figure 4.53     60 minutes Rainfall Temporal Pattern of JKR Gambang using 
       HTDM        77 
Figure 4.54     120 minutes rainfall temporal pattern of JKR Gambang using 
        HTDM         78 
Figure 4.55     180 minutes Rainfall Temporal Pattern of JKR Gambang using 
        HTDM          79 
Figure 4.56     60 minutes Rainfall Temporal Pattern of UMP Gambang using 
        HTDM         79 
Figure 4.57     120 minutes Rainfall Temporal Pattern of UMP Gambang using 
        HTDM          80 
Figure 4.58     The results of type of rainfall temporal pattern                81 




LIST OF SYMBOLS 
 
% Percentage  
%cum Cumulative of Percentage 
P(t) Depth of precipitation 
P Total depth of precipitation 
h Height of triangle 
i Rainfall Intensity 








JPS Jabatan Pengairan dan Saliran 
MV Mean Value 
NR New Ranking 
TPF Temporal pattern in Fraction 
DID Department of Irrigation and Drainage 
AVM Average Variability Method 
HTDM Huff Time Distribution Method 
SCS Soil Conservation System 
MSMA Urban Storm Management Manual 
RTP Rainfall Temporal Pattern 
Met Malaysia Jabatan Meteorologi Malaysia 
WMO World Meteorology Organization 
USDA United State Department Agriculture 
NRCS Natural Resources Conservation Servise 
ARR Australia Rainfall and Runoff 







1.1 Background of Study 
A flood happen when high water flow or over downpour that dominates the 
natural or artificial banks of river system where without warning and mostly happen when 
a large volume of rain falls within a short period. Therefore, when water over flow of 
river bank, the water extend over the flood plain and it will become hazard to the 
residents. This is commonly occurs when excessive rain, rapid ice melting, or beaver dam 
can over limit water and sent it spreading over the bound area. To develop flood it take 
hours or even days, giving resident time to prepare or evacuate .In Malaysia, the flood 
commonly happen in extreme rain or non-stopping rain (Proxmire and Hayden, 1966). 
Malaysia was experienced of natural disaster is flood because of located at 
southeast of Asia and it divided into two parts which is Peninsular of Malaysia and Island 
of Borneo. Due to that, Malaysia having a climate hot and humid through all year. In 
Malaysia the rainfall pattern was influenced by two monsoon which is the South west 
Monsoon (SM) was occur from May to September and the North east Monsoon (NM) 
occur from October to March. The location of Malaysia consist of west Malaysia 
(Peninsular Malaysia) and East Malaysia (Sabah and Sarawak) and they are divided by 
South China Sea. According to Jabatan Meteorologi Malaysia (MetMalaysia) updated 
2016, the region of NM are Pahang, Kelantan, Terengganu and South of Sarawak. These 
area are usually having heavy downpour rainfall during that short time (Song and Wang, 
2019). 
Discusses flood risk in Malaysia, which has increased alarmingly in recent 
decades largely due to changing physical characteristics of the hydrological system 
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caused by human activities: continued development of already densely populated flood 
plain, encroachment on flood‐prone areas, destruction of forests and hill slopes 
development (Chan, 1997). When rapid development and environmental grow in quickly, 
the flood events occurs because of people want to positive benefit of economy while they 
are ignore negative effect. Propose that, Malaysia people less care about flood than they 
about financial increases from profit economy which is giving sustainable economic. 
States that, engineering was responsible of ineffective to control monsoon floods. Due to 
this, in order to control flood flow the drainage system must be apply were in designing 
hydraulic and hydrology structures based on data rainfall analysis and intensity. 
In Malaysia, Malaysia Urban Storm Water Management Manual Second Edition 
(MSMA 2) are focus to manage storm water instead of drainage away. This manual also 
responsible in the current problem such as flash flood, river pollution, soil erosion and 
etc. MSMA 2 introduce the multiple objective which is to ensure safety of the public, 
control flooding and larger flood events and also minimize the environmental impact of 
urban runoff on water quality. 
Monsoon season influence the rainfall of peninsular Malaysia which is rainfall 
distribution and pattern can be assessed in order to qualify the nature of change in space 
and time. Thus, peninsular Malaysia has undergone development at a rapid pace over last 
decades to become important designing water resources management and planning. 
However, the climate over Peninsular Malaysia is subjected to pronounced inter annual 
variability which modulates hydrological variability, including floods and droughts 
(Wong et al., 2016). Figure 1 shows the flood plain along the peninsular Malaysia. 
The purpose of designing rainfall temporal patterns is to represent the typical 
variation of rainfall intensities during a typical rainfall. It shows that temporal distribution 
of rainfall within the design rainfall which is an influence factor that affects the runoff 
volume, magnitude and timing of the peak discharge. Realistic estimates of temporal 
distributions are content by analysis of local rainfall data from recording gauge network. 
The function of rainfall temporal pattern is used in the estimation of design rainfall are 
generally based on frequency-duration relationship derived from intense burst of rainfall 
of various duration rather than from complete rainfall. The method produce pattern that 
incorporate average variability of intense rainfall. Temporal pattern also can design 
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hyetographs estimating by the average variability method for any region based on the 
records. Figure 1.1 show the flood plain along the peninsular Malaysia during monsoon. 
Figure 1.1  Flood Prane along Peninsular Malaysia during monsoon. 
Source: Department of Irrigation and Drainage (2009). 
 
1.2 Problem Statement 
Nowadays, Peninsular Malaysia were analysed for trends in hourly extreme 
rainfall events at certain region. The intensity of extreme rainfall events have raised 
concern that human activity might have resulted in an alteration of the climate system. 
Intense rainfall happen in short temporal scales over long period of time often lead to 
worst floods resulting in hazardous situation. The increase in rainfall intensities may 
affect due to flash flood and landslide cases. Sometimes, flash flood may occur due to 
prolonged rainfall and leads to disrupt communication and transportation between 
residential areas. The main problem for this is the lack of appropriate knowledge about 
the hydrology rainfall data in Gambang Catchment. 
In Malaysia, Malaysia Urban Storm Water Management Manual Second Edition 
(MSMA 2) temporal pattern is defined based on region not at the specific area. The 




Ahmad Mujtaba (2007) ‘Rainfall temporal pattern of Some Climate type. 12th International 
River Sysmposium. brisbane Australia.’, 67(6), pp. 14–21. 
Bezak, N. et al. (2018) ‘Impact of the Rainfall Duration and Temporal Rainfall Distribution 
Defined Using the Huff Curves on the Hydraulic Flood Modelling Results’, Geosciences, 8(2), 
p. 69. doi: 10.3390/geosciences8020069. 
Chan, N. W. (1997) Increasing Flood Risk in Malaysia: Causes and Solutions, Disaster 
Prevention and Management. doi: 10.1108/09653569710164035. 
FAO (2008) ‘Chapter 4 Evaporation , Evapotranspiration and Soil Moisture’, Guide To 
Hydrological Practices, pp. 1–32. doi: http://dx.doi.org/10.1001/jamaoncol.2016.6435. 
Forbes, K. and Broadhead, J. (2011) Forests and landslides: The role of trees and forests in the 
prevention of landslides and rehabilitation of landslide-affected areas in Asia, Rap Publication 
2011/19. 
Gong, T. et al. (2017) ‘Monitoring the variations of evapotranspiration due to land use/cover 
change in a semiarid shrubland’, Hydrology and Earth System Sciences, 21(2), pp. 863–877. 
doi: 10.5194/hess-21-863-2017. 
Hapter, C. (2002) ‘Hapter 3 a’, Group, 1(3), pp. 25–42. 
Highland, L. M. and Bobrowsky, P. (2008) ‘Introduction to Landslide Stabilization and 
Mitigation’, The Landslide Handbook — A Guide to Understanding Landslides, c, p. 129. 
Jiang, P. et al. (2018) Precipitation storm property distributions with heavy tails follow 
tempered stable density relationships, Journal of Physics: Conference Series. doi: 
10.1088/1742-6596/1053/1/012119. 
Length, F. (1996) ‘Variation of interception loss with different plant species at the University of 
Agriculture , Abeokuta , Nigeria’, 4(December 2010), pp. 831–844. doi: 
10.5897/AJEST10.130. 
M. Easton, Z. and Bock, E. (2015) ‘Hydrology Basics and the Hydrologic Cycle’, pp. 1–9. 
Available at: www.ext.vt.edu. 
Meybeck, M. and Helmer, R. (1992) ‘Chapter 1 An Introduction to Water Quality’, Water 
Quality Assessments - A Guide to Use of Biota, Sediments and Water in Environmental 
Monitoring - Second Edition, 87(1), pp. 3–10. doi: 10.4324/9780203476710. 
94 
 
Mu, W. et al. (2015) ‘Effects of rainfall intensity and slope gradient on runoff and soil moisture 
content on different growing stages of spring maize’, Water (Switzerland), 7(6), pp. 2990–3008. 
doi: 10.3390/w7062990. 
Nojumuddin, N. S., Yusof, F. and Yusop, Z. (2015) ‘Identification of rainfall patterns in Johor’, 
Applied Mathematical Sciences, 9(38), pp. 1869–1888. doi: 10.12988/ams.2015.5133. 
Obiakor, M. ., Ezeonyejiaku, C. D. and Mogbo, T. C. (2012) ‘Effects of Vegetated and 
Synthetic (Impervious) Surfaces on the Microclimate of Urban Area’, Journal of Applied 
Sciences and Environmental Management, 16(1), pp. 85–94. Available at: 
http://www.bioline.org.br/pdf?ja12014. 
Proxmire, H. O. N. W. and Hayden, C. (1966) ‘Hon. william proxmire’. 
Rothman, N. et al. (1982) ‘Role of glnA-linked genes in regulation of glutamine synthetase and 
histidase formation in Klebsiella aerogenes’, Journal of Bacteriology, 150(1), pp. 221–230. 
Song, S. and Wang, W. (2019) ‘Impacts of antecedent soil moisture on the rainfall- runoff 
transformation process based on high- resolution observations in soil tank experiments’, Water 
(Switzerland), 11(2), pp. 15–20. doi: 10.3390/w11020296. 
Sterling, T. M. (2004) ‘Transpiration – Water Movement through Plants’, Transpiration – 
Water Movement through Plants ’, pp. 1–10. 
Strzepe, K. (1994) ‘Yates K. Strzepe’. 
Tarboton, D. G. (2003) ‘Rainfall-Runoff Processes’, Utah State University, p. 159. doi: 
10.1061/(ASCE)IR.1943-4774.0000380. 
USDA_NRCS (2014) ‘Inherent Factors Affecting Soil Infiltration’, (May). 
WHO Regional Office for Europe (2013) ‘Floods in the WHO European region: Health effects 
and their prevention’, p. 146. Available at: 
http://www.euro.who.int/__data/assets/pdf_file/0020/189020/e96853.pdf. 
Wong, C. L. et al. (2016) ‘Rainfall characteristics and regionalization in peninsular malaysia 
based on a high resolution gridded data set’, Water (Switzerland), 8(11). doi: 
10.3390/w8110500. 
 
